Nitric acid concentrations, measured by both teflon/nylon filter packs (FP) and the tungstic oxide denuder (DEN), are compared with the average NOx concentrations from laserinduced fluorescent and chemiluminescent methods. The HNO3/NOx ratio based on filter packs ranged from 0.8 to 10.4, with a mean of 3.4. The DEN nitric acid concentrations produced ratios ranging from <0.3 to 9.8, with a mean of 2.6. Average marine ratios were larger than those from continental regions, in part due to continental anthropogenic sources of NOx. Although we collected very few boundary layer samples, their average ratios were smaller than those in the free troposphere, apparently because of the effect of dry surface removal of nitric acid. The nitric acid to NOx ratio was greatest when the NOx/NOy ratio was smallest, such that the nitrogen photochemistry was nearing completion.
INTRODUCTION
The ratio of nitric acid concentration to NOx (the sum of NO and NO2) depends on both the production and loss rates for nitric acid. During the daytime, nitric acid is formed by the gas-phase reaction of NO2 and OH [Crutzen, 1979; Logan, 1983 Models have often been used to estimate this ratio, in part because of a paucity of reliable measurements. Naturally, their results are strong functions of the modelers assumptions regarding OH and NOx concentrations and wet and dry removal parameters. Fishman and Crutzen [1977] used a one-dimensional model to estimate the ratio at 0 and 6 km, with and without heterogeneous removal. The heterogeneous removal parameteri-zation used in their study might be described as a slow, continuous rainout. They predicted a mini-mum ratio of about 0.5 at the surface with heterogeneous removal and a maximum of about 12 at 6 km without heterogeneous losses. Crutzen [1979] Table 1 has a "percent coverage" tabulated to its right. This represents the fraction of the total sampling interval during which NOx data were available, and it ranged from 22% to 82%. If this percent coverage was greater than 33%, the NOx average was retained and included in our analysis. If the coverage was less than 33%, the average was only retained if the NOx data were evenly spread over the entire interval (as evidenced by a lack of gaps exceeding 15 min.). Although they generally agreed at high concentrations, the filter pack ( 
RESULTS
The raw data and computed nitric acid to NOx ratios for each of the sampling periods are listed in Table 1 . Both the range and the average values are slightly higher when the FP data are used than when the DEN results are included. We sampled in marine and continental areas, in both the boundary layer and the free troposphere. The boundary layer/free troposphere assignment was based largely on observed changes in dew-point depression and other variables during soundings. Table 2 lists the number of samples in each of the four resulting categories, as well as the average ratios from each technique in that category.
It should be noted that the three lowest ratios for the DEN system (<0.3) were from samples where the reported nitric acid concentrations were often "<MDL," meaning less than the minimum detection limit.
Thus both the concentrations which we have used and the resulting nitric acid/NOx ratios should be thought of as upper limits. The highest ratios were found in the marine free troposphere, averaging about 4 using either technique. In the marine boundary layer, where we collected only two samples, the ratio was about 2. Although this is just half the free troposphere average, it is well within the range of free troposphere values. A third marine sample, collected at 789 m altitude, was determined not to represent the boundary layer. Its dew-point depression was 12øC, whereas a sample collected in the boundary layer just below it had a depression of only 3øC. Layered clouds also indicated that the higher sample was in an air mass isolated from the surface.
Only one sample was collected in the conti-nental boundary layer (CBL). The FP ratio was 1.8, while that While the models do not explicitly predict a difference between marine and continental areas, their boundary conditions implicitly include this difference. Continental areas are likely to be closer to anthropogenic NOx sources, so that the chance of encountering fresh, unreacted NOx is greater over the continents. Our average measured marine ratios were larger than those from continental areas, presumably because the odd-nitrogen photochemistry was more nearly complete in marine areas, far from anthropogenic NO x sources. It is worth noting that many of the FT continental samples were collected from marine air that had only recently crossed the California coastline. This is particularly true in flight 8, where we tried over land to sample roughly the same air which we had sampled the day before (flight 7) over the ocean. The ratios did decrease over land (going from 4.4 FP and 3.0 DEN to 2.6 FP and 0.9 DEN), due largely to a doubling of the NOx concentration. As we moved farther east on the ferry flights (flights 0 and 10), the ratios became smaller still, in part due to higher NOx values.
We also had the opportunity to compare tropical marine air (flight 2, and to some extent 3) with marine air that may have contained both stratospheric air and aged continental pollution (flight 1). The first and last samples of flight 1, which contained both .elevated ozone and very little humidity, were almost certainly influenced by a recent tropopause fold. The tropical air had much lower ratios (1.4 FP and 2.3 DEN) than the more polluted (in terms of aerosols and ozone) air (6.7 FP and 6.9 DEN). The NO x concentrations were similar on all three flights, but nitric acid was elevated in the polluted/ stratospheric air mass. While one might expect high tropical OH concentrations to increase the ratio relative to that in mid-latitude air, it is possible that precipitation scavenging of nitric acid kept our tropical ratios low.
Since the range of possible ratios is an important result of such a study, we should examine the lowest values carefully. Four of the ratios calculated from the DEN measurements were less than 0. 
CONCLUSIONS
The measured ratios of nitric acid to NOx agreed nicely with predictions from models, ranging generally from 1 to 5. The average free tropospheric ratios were larger than those in the boundary layer, as a result of boundary layer NOx sources and dry surface nitric acid removal.
Marine ratios tended to be greater than those over the North American continent, presumably because of the longer dis-tance (and time) between anthropogenic NOx Sources and marine areas. This is consistent with the idea that more NOx is converted to nitric acid the longer NOx emissions are allowed to age in the atmosphere. While the filter pack and tungstic oxide denuder nitric acid measurements yielded similar ratios in marine areas, the average filter pack ratios were substantially larger for continental samples. The lowest ratios were also quite different for the two techniques: 0.8 for the filter pack and <0.3 for the tungstic oxide denuder.
